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(54) Food freezing method using a multicomponent refrigerant 



(57) A method for providing refrigeration, such as to 
an insulated enclosure for food freezing, wherein a de- 
fined hydrocarbon-containing multicomponent refriger- 



ant fluid undergoes a phase change coupled with Joule- 
Thomson expansion to generate refrigeration over a 
wide temperature range which may comprise from am- 
bient to low temperatures. 




3 



EP1 167 894 A1 



4 



(CyH^e). ethylene (C2H4), propylene (C^Hq), butylene 
(C4H8), hydrogen (Hg), methanol (CH3OH), ethanol 
(C2H5OH), i-propanol (i-C3H70H), n-propanol (n- 
C3H7OH), i-butanol (i-C4H90H), n-butano! (n-C4H90H), 
2.2-dimethyl propane ((CHaU-C). 2,3-dimethyl butane 
((CH3)2CHCH(CH3)2), 2,2-dimethyl butane (CH3CH2C 
{CH3)3), 2-methyl pentane (C3H7CH (CH3)2) and 3-ethyl 
pentane ((C2H5)2CHCH3). 

[0018] As used herein thetenn "fluorocarbon" means 
one of the following: tetrafluoromethane (CF4), perfluor- 
oethane (C2F6), perfluoropropane (CaFg), perfluorobu- 
tane (C4F^q), perfluoropentane (C5F^2)» perfluor- 
oethene (C2F4), perfluoropropene (CaFg), perfluor- 
obutene (C4F8), perfluoropentene (C5F10), hexafluoro- 
cyclopropane (cyclo-C3F6), octafluorocyclobutane (cy- 
CI0-C4F8) and perfluorohexane (C6F14). 
[0019] As used herein the term "hydrofluorocarbon" 
means one of the following: fluorofomn (CHF3), pen- 
tafluoroethane (C2HF5), tetrafluoroethane (C2H2F4), 
heptafluoropropane (C3HF7). hexafluoropropane 
(C3H2F6), pentafiuoropropane {C3H3F5), tetrafluoropro- 
pane (C3H4F4), nonaf luorobutane (C4HF9), octaf luorob- 
utane (C4H2F8), undecafluoropentane (CgHF^^), methyl 
fluoride (CH3F), difluoromethane (CHgFg), ethyl fluoride 
{C2H5F), difluoroethane (C2H4F2), trifluoroethane 
(C2H3F3), difluoroethene (C2H2F2), trifluoroethene 
(C2HF3), fluoroethene (C2H3F). pentafluoropropene 
(C3HF5), tetrafluoropropene (C3H2F4), trifluoropropene 
(C3H3F3), difluoropropene(C3H4F2), heptafluorobutene 
(C4HF7), hexafluorobutene (C4H2F6). nonaf luoropen- 
tene (C5HF9). decafluoropentane (C5H2F10). unde- 
cafluoropentane (C5HF11), hexafluorobutane (C4H4F6) 
and pentafluorobutane (C4H5F5). 
[0020] As used herein the temri "fluoroether'' means 
one of the following: trifluoromethyoxy-perfluorometh- 
ane (CF3-O-CF3), difluoromethoxy-perfluoromethane 
(CHF2-O-CF3), fluoromethoxy-perfluoromethane 
(CH2F-O-CF3), difluoromethoxy-difluoromethane 
{CHF2-O-CHF2), difluoromethoxy-perfluoroethane 
(CHF2-O-C2F5), difluoromethoxy-1,2,2,2-tetrafluor- 
oethane (CHF2-O-C2HF4), difluoromethoxy- 
1,1,2,2-tetrafluoroethane (CHF2-O-C2HF4), perfluor- 
oethoxy-fluoromethane(C2F5-0-CH2F),perfluorometh- 
oxy-1 ,1 ,2-trifluoroethane (CF3-O-C2H2F3), perfluor- 
omethoxy-1,2,2-trifluoroethane (CF3O-C2H2F3), cyclo- 
1,1,2,2-tetrafluoropropylether (cyclo-C3H2F4-0-), cyc- 
I0-1 ,1 ,3,3-tetrafluoropropylelher (cyclo-C3H2F4-0-), 
perfluoromethoxy-1 ,1 ,2,2-tetrafluoroethane (CF3-O- 
C2HF4), cyclo-1,1,2,3,3-pentafluoropropylether (cycio* 
C3H5-O-), perfluoromethoxy-perfluoroacetone (CF3-O- 
CF2-O-CF3), perfluoromethoxy-perfluoroethane (CF3- 
O-C2F5), perfluoromethoxy-1 ,2,2,2-tetrafluoroethane 
(CF3-O-C2HF4), perfluoromethoxy-2,2,2-trlfluor- 
oethane (CF3-O-C2H2F3), cyclo-perfluoromethoxy-per- 
fluoroacetone (cyclo-CF2-0-CF2-0-CF2-), cyclo-per- 
fluoropropylether (cyclo-C3F6-0), methoxy-perfluor- 
omethane (CF3-O-CH3), methoxy-perfluoroethane 
(C2F5-O-CH3), methoxy-perfluoropropane (C3F7-O- 



CH3). methoxy-perfluorobutane (C4F9-0-CH3), ethoxy- 
perfluoromethane (CF3-O-C2F5), ethoxy-perfluor- 
oethane (C2F5-O-C2F5). ethoxy-perfluoropropane 
(C3F7-O-C2F5), ethoxy-perfluorobutane (C4F9-O- 
5 C2F5). 

[0021] As used herein the term "atmospheric gas" 
means one of the following: nitrogen (N2), argon (Ar), 
krypton (Kr), xenon (Xe). neon (Ne). carbon dioxide 
(CO2), oxygen (O2), helium (He) and nitrous oxide 
10 (N2O). 

[0022] As used herein the temi "low-ozone-depleting" 
means having an ozone depleting potential less than 
0.15 as defined by the Montreal Protocol convention 
wherein dichlorofluoromethane (CCI2F2) has an ozone 
15 depleting potential of 1 .0. 

Brief Description Of The Drawings 
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[0023] 

Figure 1 is a schematic flow diagram of one pre- 
ferred embodiment of the multlcomponent refriger- 
ant refrigeration system of this invention. 
Figure 2 is a schematic flow diagram of another pre- 
ferred embodiment of the multlcomponent refriger- 
ant refrigeration system of this invention. 
Figure 3 is a schematic flow diagram of another pre- 
ferred embodiment of the invention wherein multi- 
ple level refrigeration is provided. 
Figure 4 is a schematic flow diagram of another pre- 
ferred embodiment of the invention wherein multi- 
ple level refrigeration is provided and there is more 
than one phase separation. 
Figure 5 is a schematic flow diagram of another pre- 
ferred embodiment of the invention for use with mul- 
tiple enclosures. 

Detailed Description 



40 [0024] The invention comprises, in general, the use 
of a defined hydrocarbon-containing zeotropic mixed re- 
frigerant to efficiently provide refrigeration over a large 
temperature range, such as from ambient temperature 
to a low temperature. The refrigeration may be em- 

45 ployed to provide refrigeration directly or indirectly to 
one or more, preferably Insulated, enclosures. The re- 
frigeration may be used to cool, i.e. cool and/or freeze, 
articles such as food or pharmaceuticals. Such refriger- 
ation can be effectively employed without the need for 

50 employing complicated vacuum operation. 

[0025] The invention may be used to provide refriger- 
ation required for cooling and/or freezing of food and 
phanmaceutical products, such as air make-up systems, 
cold room storage, blast freezers, and freezer applica- 

55 tions conventionally employing mechanical freezers or 
cryogenic freezers. The invention may be used to pro- 
vide refrigeration for all freezer types such as blast 
room, tunnel (stationary or conveyor), multi-tier, spiral 



7 



EP1 167 894 A1 



8 



more components of the refrigerant mixture has a nor- 
mal boiling point which differs by at least 5 degrees Kel- 
vin, more preferably by at least 10 degrees Kelvin, and 
most preferably by at least 20 degrees Kelvin, from the 
normal boiling point of every other component in that 
refrigerant mixture. This enhances the effectiveness of 
providing refrigeration over a wide temperature range, 
particularly one which encompasses cryogenic temper- 
atures. In a particularly preferred embodiment of the in- 
vention, the nomrial boiling point of the highest boiling 
component of the multicomponent refrigerant fluid is at 
least SO'^K, preferably at least 100^K, most preferably 
at least 200'*K, greater than the normal boiling point of 
the lowest boiling component of the multicomponent re- 
frigerant fluid. 

[0035] The components and their concentrations 
which make up the multicomponent refrigerantfluid use- 
ful In the practice of this invention are such as to form a 
variable load multicomponent refrigerant fluid and pref- 
erably maintain such a variable load characteristic 
throughout the entire temperature range of the method 
of the invention. This markedly enhances the efficiency 
with which the refrigeration can be generated and uti- 
lized over such a wide temperature range. 
[0036] One preferred variable load multicomponent 
refrigerant fluid useful in the practice of this invention 
comprises two or more components from the group con- 
sisting of CF4, CH4 CgHg, C3H8, n-C4Hio, i-C4H^o. n- 
C5H.12, i*C5H.|2, n-CeH.|4, n-CyH^g, C2H4, C3Hg. C4HQ, 
Og. Ar, N2. Ne and He. 

[0037] The defined multicomponent refrigerantfluid of 
the invention is zeotropic. The components have differ- 
ent boiling points to span the entire temperature range 
of interest so that desired very low temperatures, such 
as cryogenic temperatures, can be achieved efficiently 
and generally with only a single stage of compression 
and without the need for vacuum operation. This con- 
trasts with conventional refrigerants used to provide re- 
frigeration which are composed of single components 
or blends of two or three components formulated to be- 
have like a single component, i.e. narrow-boiling azeo- 
tropic or near-azeotropic blends. 
[0038] The Invention is employed to provide refriger- 
ation to an enclosure, particularly an insulated enclo- 
sure. Such insulated enclosure used with the invention 
is typically a freezer, cold storage container or cold 
room. It need not be completely closed to the ambient 
atmosphere. Any insulation means which is effective in 
reducing heat leak into the container or freezer may be 
used. Under some limited circumstances, it may be that 
the subamblent temperature facility, such as a cold 
processing room, is not insulated or is only partially in- 
sulated. 

[0039] The invention will be described in greater detail 
with reference to the Drawings. Referring now to Figure 
1 , multicomponent refrigerant fluid 50 is compressed to 
a pressure generally within the range of from 30 to 1 000 
pounds per square inch absolute (psia). preferably from 



100to600psia, by passage through compressor 51 and 
resulting compressed multicomponent refrigerant fluid 
52 is cooled of the heat of compression by passage 
through cooler 53. Resulting cooled multicomponent re- 

5 frigerant fluid 54 is further cooled and at least partially, 
preferably completely, condensed by passage through 
heat exchanger 55. Resulting at least partially con- 
densed multicomponent refrigerant fluid 56 is expanded 
through valve 57 to a pressure generally within the 

10 range of from 5 to 100 psia, preferably from 15 to 100 
psia. thereby generating refrigeration by the Joule- 
Thomson effect, i.e. lowering of the fluid temperature 
due to pressure reduction at constant enthalpy. The ex- 
pansion of the multicomponent refrigerant fluid through 

15 valve 57 may also cause some of the refrigerant fluid to 
vaporize. The pressure levels employed for the high 
pressure refrigerant of stream 52 and the low pressure 
refrigerant of stream 58, and the composition of the re- 
frigerant, are selected to achieve the desired tempera- 

20 ture levels at acceptable cost and efficiency. 

[0040] Refrigeration bearing multicomponent refriger- 
ant fluid 58 is then warmed and vaporized by passage 
through heat exchanger 55 and then passed as stream 
50 to compressor 51 and the cycle begins anew. The 

25 warming and vaporization of the refrigeration bearing 
multicomponent refrigerant fluid in heat exchanger 55 
serves to cool by indirect heat exchange refrigerantfluid 
54, as was previously described, and also to cool by in- 
direct heat exchange insulated enclosure atmosphere 

30 fluid, as will now be described. 

[0041 ] A portion of the atmosphere fluid, which is typ- 
ically air but may be another fluid such as nitrogen, car- 
bon dioxide or any other suitable fluid. Is withdrawn from 
insulated enclosure 59 in stream 60 and passed through 

35 separator 61 to remove any entrained ice. Separator 61 
may be a centrifugal separator, a filter, or any other suit- 
able separation means. Ice-free insulated enclosure at- 
mosphere fluid 62 then flows through blower 63 which 
produces pressurized gas stream 64, generally at a 

40 pressure within the range of from 15 to 100 psia, pref- 
erably from 1 6 to 20 psia, and then through purification 
unit 25. If necessary, additional make up gas may be 
provided, such as is shown in Figure 1 by stream 68, 
compressed in blower 69, passed in stream 70 through 

45 purification unit 71 and then as stream 72 combined with 
stream 64 to fomn stream 65. Purification units 25 and 
71 may be molecular sieve, adsorption bed, or any other 
suitable means for removing high boiling components 
such as moisture or cartoon dioxide. Alternatively, all of 

50 the fluid to be refrigerated may be obtained by means 
of stream 68 such that fluid removed from enclosure 59 
is not recirculated. 

[0042] Fluid 65 is then passed through heat exchang- 
er 55 wherein it is cooled by indirect heat exchange with 
55 the aforesaid warming and vaporizing multicomponent 
refrigerant fluid resulting in the production of refrigerat- 
ed insulated enclosure atmosphere fluid 66 which typi- 
cally has a temperature less than 250''K and generally 
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1 11 , which may be a two-phase stream, is wamned and 
preferably at least partially vaporized by passage 
through heat exchanger 1 07, thereby serving to cool by 
indirect heat exchange aforesaid steam 108 as well as 
insulated enclosure atmosphere fluid which is passed 
to heat exchanger 107 in stream 112. The resulting re- 
frigerated insulated enclosure atmosphere fluid, gener- 
ally at a temperature within the range of from -SO'^F to 
-50*F, is passed in stream 1 1 3 from heat exchanger 1 07 
to an insulated enclosure (not shown) wherein the re- 
frigeration within stream 113 is provided and employed. 
[0050] Warmed multlcomponent refrigerant fluid is 
passed from heat exchanger 107 In stream 106 through 
heat exchanger 105 wherein it is further warmed and 
from there in stream 101 through heat exchanger 99 
wherein it is further wamried and preferably further va- 
porized by Indirect heat exchange with aforesaid cooling 
stream 100 and also with insulated enclosure atmos- 
phere fluid which is passed to heat exchanger 99 in 
stream 102. The resulting refrigerated insulated enclo- 
sure atmosphere fluid, generally at a temperature within 
the range of from 0*F to -20*F, is passed in stream 1 03 
from heat exchanger 99 to an insulated enclosure (not 
shown) wherein the refrigeration within stream 1 03 is 
provided and employed. The resulting further wanned 
multicomponent refrigerant fluid is passed from heat ex- 
changer 99 in stream 98 through heat exchanger 97 and 
then as stream 92 to mixer 20 wherein it mixes with 
stream 91 to form stream 93 for further processing as 
previously described. 

[0051] Figure 4 illustrates another preferred embodi- 
ment of the invention wherein the multicomponent re- 
frigerant fluid is used to provide refrigeration at more 
than one temperature level and thus can provide refrig- 
eration to more than one insulated enclosure. The em- 
bodiment of the invention illustrated in Figure 4 employs 
more than one phase separation of the multicomponent 
refrigerant fluid. 

[0052] Referring now to Figure 4, multicomponent re- 
frigerant fluid 200 is compressed by passage through 
compressor201 to a pressure generally within the range 
of from 30 to 300 psia, and resulting compressed mul- 
ticomponent refrigerant fluid 202 is cooled of the heat of 
compression by passage through cooler 203. Resulting 
multicomponent refrigerant fluid 204 is further com- 
pressed by passage through compressor 205 to a pres- 
sure generally within the range of from 60 to 600 psia, 
and resulting compressed multicomponent refrigerant 
fluid 206 is cooled and partially condensed by passage 
through cooler 207. Two-phase multicomponent refrig- 
erant fluid from cooler 207 is passed in stream 208 to 
phase separator 209 wherein it is separated into vapor 
and liquid portions. Since multicomponent refrigerant 
fluid 200 is a zeotropic mixture, the composition of these 
vapor and liquid portions differ. Preferably, the liquid por- 
tion contains substantially all of the highest boiling com- 
ponent of multicomponent refrigerant fluid 200 and the 
vapor portion contains substantially all of the lowest boil- 



ing component of multicomponent refrigerant fluid 200. 
[0053] The liquid portion of the multicomponent refrig- 
erant fluid is passed from phase separator 209 in stream 
211 through heat exchanger 212 wherein it is sub- 

5 cooled. Resulting subcooled liquid stream 213 is ex- 
panded through valve 214 to generate refrigeration by 
the Joule-Thomson effect. Resulting refrigeration bear- 
ing multicomponent refrigerant fluid 215, which is gen- 
erally at a pressure within the range of from 15 to 100 

10 psia, is passed through mixing device 21 and then in 
stream 217 through heat exchanger 212 wherein it is 
warmed and completely vaporized by indirect heat ex- 
change with insulated enclosure atmosphere fluid and 
then passed in stream 200 to compressor 201 for a new 

15 cycle. The insulated enclosure atmosphere fluid, Is 
passed to heat exchanger 212 in stream 218 and the 
resulting refrigerated Insulated enclosure atmosphere 
fluid, generally at a temperature within the range of from 
30''F to eO^^F, is passed in stream 219 from heat ex- 

20 changer 212 to an Insulated enclosure (not shown) 
wherein the refrigeration within stream 219 is provided 
and employed. 

[0054] The vapor portion of the multicomponent re- 
frigerant fluid is passed from phase separator 209 in 

25 stream 210 through heat exchanger 212 wherein It is 
cooled by indirect heat exchange with wanning fluid in 
stream 21 7 and then passed in stream 220 to interme- 
diate heat exchanger 221 for further cooling. In one or 
both of the cooling steps in heat exchanger 21 2 and 221 

30 a portion of the multicomponent refrigerant fluid is con- 
densed so that multicomponent refrigerant fluid 223 
from heat exchanger 221 is a two-phase stream. Stream 
223 is passed to phase separator 224 wherein it is sep- 
arated into vapor and liquid portions. 

35 [0055] The liquid portion from phase separator 224 is 
passed in stream 226 through heat exchanger 227 
wherein it is subcooled. Resulting subcooled liquid 
stream 228 is expanded through valve 229 to generate 
refrigeration by the Joule-Thomson effect. Resulting re- 

40 frigeration bearing multicomponent refrigerant fluid 230, 
which is generally at a pressure within the range of from 
15 to 100 psia, is passed though mixing device 22 and 
then in stream 232 through heat exchanger 227 wherein 
it is wanned and vaporized by Indirect heat exchange 

45 with insulated enclosure atmosphere fluid. The Insulat- 
ed enclosure atmosphere fluid is passed to heat ex- 
changer 227 in stream 233 and the resulting refrigerated 
insulated enclosure atmosphere fluid, generally at a 
temperature within the range of from -70'*F to -11 0*F, is 

50 passed in stream 234 from heat exchanger 227 to an 
insulated enclosure (not shown) wherein the refrigera- 
tion within stream 234 is provided and employed. 
Warmed multicomponent refrigerant fluid from heat ex- 
changer 227 is passed in stream 222 through heat ex- 

55 changer 221 for warming by indirect heat exchange with 
cooling stream 220 and from there in stream 21 6 to mix- 
er 21 wherein it mixes with stream 215 to form stream 
21 7 for further processing as previously described. 
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ing of hydrocarbons, fluorocarbons, hydrofluor- 
ocarbons. fluoroethers and atmospheric gases; 
(6) cooling and at least partially condensing the 
compressed multicomponent refrigerant fluid; 

(C) expanding the at least partially condensed 5 
multicomponent refrigerant fluid to generate re- 
frigeration; and 8. 

(D) wanning and at least partially vaporizing the 
refrigeration bearing multicomponent refriger- 
ant fluid and employing refrigeration from the io 9. 
multicomponent refrigerant fluid In an enclo- 
sure. 



least partially condensing the vapor fluid and ex- 
panding the at least partially condensed fluid to gen- 
erate refrigeration, and warming the resulting refrig- 
eration bearing fluid to produce refrigerated fluid for 
use in an Insulated enclosure. 

The method of claim 1 wherein the multicomponent 
refrigerant fluid consists solely of hydrocarbons. 

The method of claim 1 wherein the multicomponent 
refrigerant fluid comprises at least one atmospheric 
gas. 



The method of claim 1 wherein the refrigeration is 
employed for cooling or freezing food. *5 

The method of claim 1 wherein the wanming and at 
least partially vaporizing of refrigeration bearing 
multicomponent refrigerant fluid Is by heat ex- 
change with insulated enclosure atmosphere fluid 20 
to produce refrigerated insulated enclosure atmos- 
phere fluid and further comprising (E) employing the 
refrigerated insulated enclosure atmosphere fluid 
within an insulated enclosure to provide refrigera- 
tion to the insulated enclosure. 



10. The method of claim 1 wherein the multicomponent 
refrigerant fluid comprises at least two components 
from the group consisting of CH4, CgHg, C3H8, n- 

'■^a'^iO' ^^^5^^2* i*C5H^2« '^"Ce^ut ^' 
C7H16, C2H4, C3H6, C4H8, CF4, O2. Ar, N2. Ne and 
He. 



The method of claim 3 wherein the heat exchange 
between the refrigeration bearing multicomponent 
refrigerant fluid and the insulated enclosure atmos- 
phere fluid takes place outside the insulated encio- 
sure. 



The method of claim 3 wherein the heat exchange 
between the refrigeration bearing multicomponent 
refrigerant fluid and the insulated enclosure atmos- 35 
phere fluid takes place within the insulated enclo- 
sure. 



The method of claim 3 wherein the cooling of the 
multicomponent refrigerant fluid in step (B) partially 40 
condenses the multicomponent refrigerant fluid and 
the resulting liquid is employed to can7 to steps (C), 
(D) and (E); further comprising (F) cooling the re- 
sulting vapor to produce cooled fluid, expanding the 
cooled fluid to generate refrigeration, and warming ^5 
the resulting refrigeration bearing fluid to produce 
refrigerated fluid for use in an insulated enclosure. 

The method of claim 3 wherein the cooling of the 
multicomponent refrigerant fluid in step (B) partially so 
condenses the multicomponent refrigerant fluid and 
the resulting liquid is employed to carry out steps 
(C), (D) and (E); further comprising (G) partially con- 
densing the resulting vapor to produce a liquid fluid 
and a vapor fluid, expanding the liquid fluid to gen- ss 
erate refrigeration and wanning the resulting refrig- 
eration bearing liquid fluid to produce refrigerated 
fluid for use in an insulated enclosure; and (H) at 
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